The trinuclear platinum agent BBR3464, a representative of a new class of anticancer drugs, is more potent than conventional mononuclear cisplatin [cis-diamminedichloroplatinum(II)]. BBR3464 retains significant activity in human tumor cell lines and xenografts that are refractory or poorly responsive to cisplatin, and displays a high activity in human tumor cell lines that are characterized by both wildtype and mutant p53 gene. In contrast, on average, cells with mutant p53 are more resistant to the effect of cisplatin. It has been hypothesized that the sensitivity or resistance of tumor cells to cisplatin might be also associated with cell cycle control and repair processes that involve p53. DNA is a major pharmacological target of platinum compounds and DNA binding activity of the p53 protein is crucial for its tumor suppressor function. This study, using gel-mobility-shift assays, was undertaken to examine the interactions of active and latent p53 protein with DNA fragments and oligodeoxyribonucleotide duplexes modified by BBR3464 in a cell free medium and to compare these results with those describing the interactions of these proteins with DNA modified by cisplatin. The results indicate that structurally different DNA adducts of BBR3464 and cisplatin exhibit a different efficiency to affect the binding affinity of the modified DNA to p53 protein. It has been suggested that different structural perturbations induced in DNA by the adducts of BBR3464 and cisplatin produce a differential response to p53 protein activation and recognition and that a 'molecular approach' to control of downstream effects such as protein recognition and pathways of apoptosis induction may consist in design of structurally unique DNA adducts as cell signals.
INTRODUCTION
Multinuclear platinum complexes represent a new class of anticancer drugs that contain two reactive platinum centers linked by a variable-length alkanediamine chain and are characterized by different DNA binding profile with respect to that of their mononuclear counterparts (1, 2) . [{trans-PtCl-(NH 3 ) 2 } 2 m-trans-Pt(NH 3 ) 2 {H 2 N(CH 2 ) 6 NH 2 } 2 ]
4+ (BBR3464, Figure 1 ) is the first example of this class to enter clinical trials (3) . It is more potent than cisplatin [cis-diamminedichloroplatinum(II)], and retains significant activity in human tumor cell lines and xenografts that are refractory or poorly responsive to cisplatin.
The molecular mechanisms by which BBR3464 is able to overcome cisplatin resistance, are not fully understood. However, its ability to induce DNA adducts such as long-range delocalized intra-and interstrand cross-links (CLs), which are not produced by conventional mononuclear platinum compounds (4) (5) (6) (7) (8) (9) suggest that BBR3464 may escape, at least in part, the classical mechanism of cisplatin resistance that is related to DNA damage recognition and repair. Moreover, due to its ability to modify DNA in a manner different from cisplatin, BBR3464 could distinctly evoke different pathways of cellular response to DNA damage such as triggering of the apoptotic pathway. It has been demonstrated recently that BBR3464 displays high activity in human tumor cell lines characterized by both wild-type and mutant p53 gene (10) . In contrast, on average, cells with mutant p53 are more resistant to the effect of cisplatin (11) . It has been hypothesized that sensitivity or resistance of tumor cells to cisplatin might also be associated with the processes that involve p53 (12, 13) . Evidence of p53 implication in BBR3464 cytotoxicity is indicated by the fact that transfer of functional p53 into p53-null SAOS osteosarcoma cells actually reduced cellular sensitivity to BBR3464 compared with the parent p53-null line, but caused moderate chemosensitization of cisplatin (10) . Similarly, in a cisplatinresistant ovarian cancer cell line (OAW42MER) the presence of a wild-type and functional p53 protein was considered as an important determinant of cellular sensitivity to cisplatin but the presence of a non-functional p53 (as indicated by the lack of p21 waf1 induction for a p53-dependent apoptotic pathway) was not detrimental to the cytotoxicity of BBR3464 (14) . These results have clinical relevance as partial response in a PhaseII clinical trial of BBR3464 in cisplatin-relapsed ovarian cancer showed the respondents to be p53 wild type whereas the one respondent in a cisplatin-refractory arm was p53 mutant (3, 15) . As the tumor suppressor function of p53 protein is crucially related to its DNA binding activity (16, 17) and DNA is considered as a major pharmacological target of platinum compounds (18) , it is of great interest to understand the interactions of p53 protein with platinum-modified DNA. It is of particular importance to ascertain the differences that exist between structurally different compounds (e.g. structurally unique adducts) as exemplified by the cisplatin and polynuclear (BBR3464) class.
The active protein p53 is a nuclear phosphoprotein that consists of 393 amino acids and contains four major functional domains (19) . Active p53 binds as a tetramer to $50 different response elements that occur naturally in the human genome and shows functionality (20) . Free DNA in the segments corresponding to the consensus sequence is already intrinsically bent toward the major groove and the bends are mostly localized at two C(a/t) j (a/t)G tetramers (21, 22) . It has been suggested that this localized intrinsic bending contributes in a fundamental way to the stability of tetrameric p53-DNA complex (21) .
In our recent work (23), we investigated DNA interactions of active wild-type human p53 protein with DNA that is modified by cisplatin and its clinically ineffective trans isomer (transplatin). We have found that DNA adducts of cisplatin reduce binding affinity of the consensus DNA sequence to p53, whereas adducts of transplatin do not. This result has been interpreted to mean that the precise steric fit, that is required for the formation and stability of the tetrameric complex of p53 with the consensus sequence in DNA cannot be attained, as a consequence of additional conformational perturbations induced by cisplatin adducts in the consensus sequence. The results also demonstrated an increase of the binding affinity of p53 to DNA that lacks the consensus sequence and modified by cisplatin, but not by transplatin. In addition, only major 1,2-GG intrastrand CLs of cisplatin were found to be responsible for this enhanced binding affinity of p53. The distinctive structural features of 1,2-intrastrand CLs of cisplatin have been proposed to play a unique role for this adduct in the binding of p53 to DNA that lacks the consensus sequence (23) . Thus, the intriguing mechanism by which cisplatin adducts modulate biological effects of p53 might also be some manifestation of the hijacking model that involves the p53 protein of the mechanism underlying the antitumor effects of this drug (24, 25) . A comparison of the binding of active and latent p53 to DNA fragments modified by cisplatin has been performed as well (26) . Modifications of DNA that lacks the consensus sequence by cisplatin enhanced the affinity of both forms of p53. The difference in the binding affinity to cisplatin-modified and unmodified DNA is even more pronounced in the case of the latent form. In addition, the p53 core domain appeared to be the primary site in active p53 of its sequence-specific binding to non-modified DNA while the C-terminus of p53 interacted selectively with DNA that lacks consensus sequence and modified by cisplatin (26) .
This study was undertaken to examine interactions of active and latent p53 protein with DNA fragments and oligodeoxyribonucleotide duplexes modified by BBR3464 in a cell free medium and to compare these results with those describing interactions of these proteins with DNA modified by cisplatin.
MATERIALS AND METHODS

DNA
For the consensus DNA response element (CDRE) binding of the p53 protein we used a small PvuII (474 bp) fragment of pPGM1 plasmid that is derived from pBluescript SK II À DNA (2961 bp, Stratagene) by cloning the p53 20 bp CDRE 5 0 -AGACATGCCTAGACATGCCT-3 0 /5 0 -AGGCATGTCTA-GGCATGTCT-3 0 into the HindIII site. pPGM1 and pBluescript SK II + DNAs were purified using QIAGEN kits (QIAGEN, GmbH, Germany). Ethanol precipitated plasmids were resuspended in TE buffer [10 mM Tris-HCl, 0.1 mM Na 3 EDTA (pH 7.5)] and stored at 4 C. The synthetic oligodeoxyribonucleotide duplexes ( Figure 2B ) were purchased from IDT, Inc. (Coralville, IA) and purified as described previously (27) ; in the present work their molar concentrations are related to the whole duplexes.
Purification of the active wild-type human p53 protein
The human active p53 protein was expressed in baculovirusinfected recombinant Sf9 insect cells. The latent p53 was isolated from Escherichia coli BL21/DE3 strain harboring pT7-7Hup53. The details of the purification and characterization were described previously (26, 28) . The protein concentration was determined by the Bradford method. In the present paper the concentration of the p53 protein is related to tetrameric protein units.
Platination reactions
Cisplatin and transplatin were purchased from Sigma (Prague, Czech Republic). BBR3464 ( Figure 1 ) was prepared by standard methods. Short PvuII fragments of pPGM1 and pBluescript II SK + plasmid DNAs (474 and 448 bp, respectively) and oligodeoxyribonucleotide duplex (oligo-CDRE) 5
0 were incubated with platinum compounds in 10 mM NaClO 4 at 37 C for 48 h in the dark. The values of r b (the r b value is defined as the number of the molecules of the platinum compound bound per nucleotide) were determined by flameless atomic absorption spectrophotometry or differential pulse polarography (29) .
Preparation of DNA-protein complexes
Formation of the complexes of the active and latent p53 protein with the 474 or 448 bp-long PvuII fragments of pPGM1 or pBluescript SK II À , respectively, that were unplatinated or modified by platinum compounds, was examined in a buffer that contained 5 mM Tris-HCl, pH 7.6, 0.5 mM Na 3 EDTA, 50 mM KCl and 0.01% Triton X-100 in a total volume of 15 ml. In the experiments with active p53, the nonmodified or platinated 474 or 448 bp fragment was mixed with nonmodified 2513 bp-long fragment of pPGM1. The final amounts of the short and long fragments in these reactions were 150 and 850 ng, respectively (the molar ratio of these fragments was $1). The molar ratio of p53 to 474 or 448 bp fragment was 0-6. In the experiments with latent p53, the final amounts of the short and long fragments in the reactions were 60 and 340 ng, respectively (the molar ratio of these fragments was also $1). The molar ratio of latent p53 to 448 bp fragment was 5. Samples with p53 protein were incubated in ice for 30 min. After the incubation was completed 3 ml of the loading buffer (50% glycerol, 50 mM Na 3 EDTA and 2% bromophenol blue) was added, the samples were loaded on the 1% agarose gel that was precooled to 4 C and electrophoresed in 0.5· TBE buffer [TBE buffer = 0.09 M Tris-borate and 2 mM Na 3 EDTA (pH 8.0)]. The gel was finally stained by ethidium bromide.
Formation of the complexes of p53 with the oligonucleotide duplex was examined in the same buffer as that used for analysis of the complexes of p53 with the plasmid fragments (see above) in a total volume of 12 ml. The nonmodified or platinated duplexes were mixed with the nonmodified 2513 bplong fragment of pPGM1. The final amounts of the duplexes and long fragment in the reactions were 20 and 120 ng, respectively. The molar ratio p53/duplex was 0-3. Samples with p53 were incubated in ice for 30 min. After the incubation was completed 3 ml of the loading buffer (50% glycerol, 50 mM Na 3 EDTA and 2% bromophenol blue) was added, the samples loaded on the native 5% polyacrylamide gel [mono:bis(acrylamide) ratio = 29:1] precooled to 4 C in 0.5· TBE buffer. The radioactivity associated with the bands was quantified by means of a molecular dynamics PhosphorImager (Storm 860 system with ImageQuant software).
The primary p53 monoclonal antibody (MAb) DO-1 [purified and characterized as described in (30)] was also added to the p53-DNA complex (molar ratio of MAb/p53 tetramer was 3), the mixture was incubated for an additional 30 min at 20 C and the resulting p53-DNA-MAb complexes were loaded onto the gels.
Other chemicals
T4 polynucleotide kinase and restriction endonucleases were purchased from New England Biolabs (Beverly, MA).
[g-32 P]ATP used for 5 0 -end radioactive labeling of the top strands of the oligonucleotide duplexes were from Amersham (Arlington Heights, IL, USA). Acrylamide, bis(acrylamide), agarose and urea were from Merck KgaA (Darmstadt, Germany).
RESULTS
Binding of active p53 protein to platinated DNA containing the consensus response element
The pPGM1 plasmid was cleaved by PvuII (blunt end-forming enzyme that cuts twice within the pPGM1). This cleavage produced 474 and 2513 bp fragments that contained and lacked CDRE, respectively. The two fragments were separated on the agarose gel, extracted and purified. The 474 bp fragment was further globally modified by BBR3464 or cisplatin at r b = 0.02-0.06. In order to further characterize these platinated fragments, they were cleaved by HindIII. This cleavage produced the 20 bp CDRE which was separated on the 12% native polyacrylamide gel, extracted, purified and the amount of platinum bound to the CDRE was determined by flameless atomic absorption spectrophotometry. It was verified in this way that the average amount of the molecules of cisplatin and BBR3464 bound to the CDRE that was incorporated in the 474 bp fragment pPGM1 plasmid was identical at all r b values used. The platinated 474 bp fragments were then mixed with the nonspecific competitor, which was the unplatinated 2513 bp fragment. This mixture was incubated with various amounts of active p53 (at molar ratios of p53/474 bp fragment in the range of 0-6) and analyzed using agarose gel electrophoresis. The incubation of the unplatinated 474 bp fragment with increasing amount of active p53 resulted in the appearance of a new, more slowly migrating species with a concomitant decrease of the intensity of the band corresponding to the 474 bp fragment incubated in the absence of p53 (shown for p53-474 bp fragment ratio of 0.95 in Figure 2A, lane 9) . This result was in agreement with the previously published reports and demonstrated the formation of a sequence-specific complex between DNA and active p53 protein (23, 26, 31) . Importantly, the addition of DO-1 MAb (which maps to the N-terminal domain of p53) produced supershifted complexes that migrated still more slowly than the p53-474 bp complex (Figure 2A, lane 17) which confirms the presence of p53 in the more slowly migrating species. In contrast, incubation of the 474 bp fragment that was modified by BBR3464 or cisplatin at r b = 0.02 -0.06 with active p53 (in the presence of the unplatinated 2513 bp fragment) considerably reduced the yield of the species that migrated more slowly in the agarose gel [shown for p53/474 bp fragment ratio of 0.95 in Figure 2A , the fragment modified by cisplatin (lanes 10-12) and by BBR3464 (lanes 14-16)]. Importantly, for instance 50% reduction of the yield of the species migrating more slowly in the gel was observed for the modification by cisplatin at r b = $0.02 (Figure 2A , lane 10), which was $8 times higher than that for the modification by BBR3464 at r b = $0.003 ( Figure 2B , lane 6). This result is consistent with the hypothesis that modification of DNA through covalent adduct formation by both BBR3464 and cisplatin reduces the binding affinity of active p53 to the CDRE and that BBR-3464 adducts are considerably more efficient in this regard.
Further studies were performed using a short (20 bp) oligodeoxyribonucleotide duplex, oligo-CDRE (for its nucleotide sequence, see Materials and Methods), whose sequence follows the consensus sequence pattern (16) . The duplex was globally modified by BBR3464 or cisplatin to r b in the range of 0.0125-0.05 and the unplatinated PvuII fragment of pPGM1 that was 2513 bp long (containing no CDRE) was added as the nonspecific competitor. These mixtures were incubated with active p53 at various p53/duplex molar ratios (0.1-3) and analyzed by using native PAGE ( Figure 3A) . Incubation of the unplatinated oligo-CDRE with increasing amounts of active p53 resulted in the appearance of the new, more slowly migrating species with a concomitant decrease in the intensity of the band corresponding to the 20 bp duplex that was incubated in the absence of p53 (shown for p53/duplex ratio of 0.3 in Figure 3A , lane 1). This result confirmed the formation of the complex between oligo-CDRE and active p53. In contrast, the incubation of oligo-CDRE that was modified by BBR3464 and cisplatin at r b = 0.0125-0.05 with active p53 reduced the yield of the species migrating more slowly in the gel, BBR3464 again being considerably more effective ( Figure 3B ). For instance, the modification of oligo-CDRE by BBR3464 at the level, which corresponded to 1 molecule of the platinum compound fixed per duplex (r b = 0.025) inhibited almost completely the formation of the complex between this duplex and active p53, whereas this inhibition due to the modification by cisplatin at the same r b was markedly less efficient ( Figure 3B ).
Binding of active p53 protein to platinated DNA lacking the consensus response element
We next investigated the binding of p53 to the 448 bp fragment of the pBluescript II SK + plasmid lacking CDRE, but modified by BBR3464 or cisplatin. The plasmid was cleaved by PvuII, which yielded the 448 and 2513 bp fragments. The longer fragment was identical to that produced by the PvuII cleavage of pPGM1, whereas the shorter fragment only differed from that produced by PvuII cleavage of pPGM1 by lacking the 26 bp CDRE. The 448 bp fragment was globally modified by BBR3464 or cisplatin at r b = 0.01-0.08. After the 448 bp fragment was platinated, the free unplatinated 2513 bp fragment was added as the nonspecific competitor. These mixtures were incubated with p53 at various p53/448 bp fragment molar ratios (in the range of 0.5-6) and analyzed by using agarose gel electrophoresis. Incubation of the unplatinated PvuII fragments with increasing amount of p53 did not result in any changes in the migration of these fragments, demonstrating no effect on formation of the complex between p53 and DNA lacking CDRE (not shown). On the other hand and consistent with our recent work (23), a new species migrating considerably more slowly in the gel was observed when the 448 bp fragment modified by cisplatin at r b = 0.01-0.08 was analyzed (not shown). This result demonstrated the formation of a complex between p53 and DNA lacking CDRE but modified by cisplatin (31) . Importantly, supershifted complexes were noticed as a consequence of addition of MAb DO-1 to the complex of p53 with 448 bp fragment modified by cisplatin (not shown). In contrast, in the same experiments with the 448 bp fragment globally modified by the more potent BBR3464, no slowly migrating species were noticed at r b = 0.08 and p53/ DNA ratio of 6 (not shown). Thus, these results indicate that the binding affinity of p53 to DNA lacking CDRE is enhanced selectively by modification by cisplatin but not by BBR3464.
Binding of latent p53 protein to platinated DNA lacking consensus response element Posttranslationally unmodified latent p53 (such as the protein isolated from the bacterial expression system) displays a poor affinity to the CDRE (26) . On the other hand, it may exhibit well-pronounced DNA structure-specific binding (26, 31, 32) . For example, the affinity of DNA lacking CDRE modified by cisplatin to p53 protein is noticeably enhanced if the latent form is used instead of its active form (26) . Therefore, we have also examined the binding of latent p53 to the 448 bp fragment of the pBluescript II SK + plasmid lacking CDRE, but modified by BBR3464 or cisplatin in a similar manner to the experiments using the active form of p53 (vide supra). Incubation of the unplatinated PvuII fragment with latent p53 added in the amount corresponding to p53/448 bp fragment ratio of 5 resulted in no changes in the migration of these fragments demonstrating no effect on formation of the complex between latent p53 and DNA lacking CDRE (Figure 4, lane 1) . On the other hand and consistent with our recent work (26), a new species migrating in the gel considerably more slowly was observed if the 448 bp fragment modified by cisplatin at r b = 0.05 was analyzed (shown for p53/448 bp fragment ratio of 1 in Figure 4 , lane 2). When the fragment modified by BBR3464 at the same r b was analyzed for its interaction with latent p53 under identical conditions, no more slowly migrating species was noticed (shown for p53/448 bp fragment ratio of 1 in Figure 4, lane 3) . Thus, neither the active nor the latent form of p53 protein exhibit affinity to the DNA sequence lacking CDRE and modified by BBR3464. These results represent a fundamental difference in the processing by critical cellular components of the DNA adducts formed by BBR3464 and cisplatin.
DISCUSSION
Whereas cells with mutant p53 are, on average, more resistant to the effect of cisplatin (11), BBR3464 maintains activity in several tumors with mutant p53 with both acquired and inherent resistance to cisplatin (10) . In line with these observations, the p53 status of tumor cells appears to affect their sensitivity to BBR3464 and cisplatin in a different way. As stated, this may be an important determinant of the outcome in the clinical response to BBR3464. A number of factors may be responsible for these differences. DNA is a major pharmacological target of platinum compounds and DNA binding activity of p53 protein is crucial for its tumor suppressor function. Hence, a plausible explanation for the different sensitivity of human tumors with wild-type and mutant p53 to BBR3464 and cisplatin may lie in a different efficiency of the adducts of these drugs to affect the binding affinity of the modified DNA to p53 protein. Interestingly, the adducts of cisplatin and the clinically ineffective transplatin affect recognition of DNA by active p53 protein in a distinctly different way (23) . The present results, in comparing the affinity with the p53 protein of DNA containing or lacking consensus sequence modified by cisplatin and BBR3464, confirm that structurally different (but both antitumor active) drugs exhibit distinctly different protein recognition patterns.
The results of the present work demonstrate that the efficiency of the inhibition of binding of active p53 to the DNA consensus sequence is markedly more efficient for adducts of BBR3464 than the adducts of cisplatin (Figure 2 ). Sequencedependent conformational variability of response elements plays a critical role in the sequence-specific binding of p53 to DNA and the stability of the resulting complex. Extraordinary demands for this binding specificity and selectivity of p53 are closely related to its tetrameric association with CDRE in which the precise steric fit is extremely important (21) .
The consensus sequences investigated in the present work contained several sites at which bifunctional adducts of both cisplatin and BBR3464 are formed. In the CDREs investigated in the present work, cisplatin forms bifunctional adducts, which strongly disturb its secondary structure. For instance, the structure of major 1,2-GG intrastrand CLs determined by NMR methods has revealed (33) (34) (35) that these adducts induce the overall helix bend of towards major groove, DNA unwinding of [25] [26] [27] and severe perturbation of hydrogenbonding within the 5 0 -coordinated GC base pair. It has been proposed (23) that the result of these perturbances is that the precise steric fit required for the formation and stability of the tetrameric complex of p53 with the consensus nucleotide sequence, cannot be attained so that p53 binds to its CDRE with a reduced affinity. In contrast, clinically ineffective transplatin also forms various types of adducts in DNA, but these lesions induce relatively subtle structural perturbations in DNA, which have no substantial effect on the formation of the tetrameric complex of p53 with the CDRE (36, 37) .
The general outline of DNA modification by BBR3464 includes significantly faster binding in comparison with neutral cisplatin (4). In a 14mer sequence that contained sites of interstrand CL formation as well as potential 'cisplatin-like' intrastrand adducts, the interstrand CL was preferred (38) and thus, it is likely that the interstrand CL is also formed in the CDRE. The adducts of BBR3464 are mainly long-range delocalized intrastrand and interstrand CLs between guanine residues, which produce an unwinding angle similar to that found for the adducts of cisplatin and bend DNA significantly less than the CLs of cisplatin (5, 6) . Following the argument used for cisplatin, these less severe structural distortions induced in DNA by BBR3464, may suggest a smaller inhibition effect on the formation of the tetrameric complex of p53 with the CDRE. The structural analysis of the long-range interstrand CLs of BBR3464 [formed in DNA with a relatively high frequency (20%) (4-9)] has shown that the central tetraamine linker of this CL is situated in or very close to the minor groove of DNA (9, 39) . It is reasonable to expect that this location of the linker could sterically block the binding of the p53 protein to DNA [since the protein residues are also localized in DNA minor groove (40) ]. In addition, the location of the linker in the minor groove could restrict its narrowing, a feature also required for p53 binding (41) .
A plausible explanation of the different sensitivity of human tumors with wild-type or mutant p53 to BBR3464 and cisplatin may also lie in the different efficiency of their adducts to increase the binding affinity of DNA lacking the consensus sequence to p53. In contrast to the adducts of cisplatin, the adducts of BBR3464 do not increase the binding affinity of p53 to DNA lacking the consensus sequence (Figure 4 ). This enhancement is specific for cisplatin-modified DNA. Moreover, among the DNA adducts of cisplatin only the 1,2-intrastrand CLs are responsible for this increase in the DNA binding of p53 (23) . Hence, 1,2-intrastrand CLs distort DNA in a specific way producing a structural motif that is recognized by p53. It has been proposed (23) that directional and stable bending of DNA due to formation of the 1,2-intrastrand CLs of cisplatin affords a structural element exhibiting this specific affinity to p53. In this way a stable flexure of DNA by 1,2-intrastrand CL provides an opportunity for more stable contacts between p53 and DNA. In other words, lesions such as the 1,2-intrastrand CLs that efficiently induce the directional and fixed bend in DNA towards the major groove, thus providing a stable prebent site on DNA to p53, serve as a structural motif for DNA recognition and binding by p53. The distinctive structural features of the 1,2-intrastrand CLs of cisplatin suggest a unique role for this adduct in the enhancement of the binding of p53 to platinated DNA segments lacking CDRE which is, however, weaker than the binding of active p53 to unplatinated CDRE (23) .
The CLs of BBR3464 distort DNA in a way that apparently produces a structural motif considerably different from that afforded by the 1,2-GG intrastrand CL and recognized by p53. The structural features of the adducts of BBR3464 are considerably different-for instance, long-range intrastrand CLs of BBR3464 induce in DNA a flexible joint rather than a rigid directional bending (5) . Similarly, the bends induced by the interstrand CLs of this trinuclear platinum compound are only [15] [16] [17] [18] [19] [20] [21] toward the major groove (6), i.e. the value considerably lower than that observed for the CLs of cisplatin. Thus, it is reasonable to conclude that different structural perturbations produce differential responses to p53 protein activation and recognition. Similar to our results on comparative binding of high mobility group (HMG) proteins (6, 27 ) the current results suggest a 'molecular approach' to control of downstream effects such as protein recognition and pathways of apoptosis induction by design of structurally unique DNA adducts as cell signals.
Recognition of platinated DNA by p53 protein and other DNA-binding proteins remains an exciting and potentially significant area of research that is aimed at further understanding mechanisms that underlie resistance to platinum compounds or the unique antitumor properties of this new class of polynuclear anticancer agents. Further, the differential responses of structurally different anticancer agents may be extendable to clinical practice and utilized to predict more suitable and appropriate cancer drug treatments for those $50% of cases with diagnosed p53 mutations.
